Hydrophobic Association in Mixed Urea-TMAO Solutions.
The formation of a hydrophobic core is key to the folding and resulting function of most proteins in the cell. In several organisms, as well as in many in vitro experiments, protein folding is modulated by the presence of osmolytes, but the mechanism by which hydrophobic association occurs is not well understood. We present a study of the solvation thermodynamics of hydrophobic self-association in mixed-osmolyte urea-TMAO solutions, with neopentane as a model hydrophobic molecule. Using molecular dynamics simulations and the Kirkwood-Buff theory of solutions, we show that a sensitive balance between the TMAO-water and the TMAO-urea interactions governs the osmolyte-induced changes in hydrophobic association in mixed urea-TMAO solutions. This balance must be correctly incorporated in force-field parametrization because hydrophobic association can be either enhanced or prevented all together by slightly increasing or decreasing the osmolyte-water affinity and osmolyte-osmolyte self-affinity of TMAO molecules.